In a previous study'), the standing crop of sessile algal community in the mountain section of the River Arakawa was measured in chlorophyll amount and habitat factors determining the standing crop were investigated.
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of Science, Tokyo University of Education, Otsuka, Tokyo. with the distance from the sourse of the river. Difference of the water temperature between the canyon section and lower section was about 5° throughout the year.
Light condition.
For the study of the primary production of the mountain river, it is indispensable to make the light condition clear. The light condition on the bottom of the mountain river varied conspicuously from place to place with the difference of the shade formed by the mountains and trees standing along the river.
For this reason, the light intensity and duration of insolation on the river bed were determined with the photogr~.ph of the celestial hemisphere after Monsi and Saeki3). Figs. 1, 2 show the photograph taken at Station 6. Fig. 3 summarizes the interpreted tracing of photographs taken at various stations along the watercourse of the mountain section.
White portion on the figures is the open area and dotted one is the occluded area of the sky. As seen in Fig. 4 , the open sky increases with the distance from the sourse of the river.
The open sky is 20% to 50% of the whole celestial hemisphere in the canyon section, and 60% to 80% in the lower section.
The intensity of the diffused light falling on the river bed can be deduced indirectly from the ratio of the open sky area to the whole celestial hemisphere.
The diffused light intensity from blue sky is on daily average 10 klux, whereby the station having the open sky of s area may receive the diffused light of 10 • s/S klux, where S being the area of the whole celestial {. om h oro
As made by Monsi and Ushimaz), and McUonnel and 5igler4), the intercepted insolation on the bottom of the river at any time of a year is determined by reading of transparent overlay of sun course at latitude 35°, which was taken from Hirayama's data5). As can be seen in Fig. 2 , the sunshine duration on the river bed corresponds to the hours on the sun course within the area of the open sky on the photograph. By means of the foregoing overlay, it can be illustrated clealy that the sunshine duration on the river bed varies conspicuously through a year and with the shape of the open sky. For example, the area of the open sky at Stations 3 and 7 is 30% and 340, while the sunshine duration in summer is about 6.5 hrs. at the former and 10.5 hrs. at the latter station, i.e., relatively the open sky is 100:113 and the sunshine duration is 100:162. From these conspicuously different results, it can be surmised that the light condition of the river bed is one of the important habitat factors determining the primary production of the mountain section of the River Arakawa. per mg, chlorophyll. The materials in summer were Cladophora fragments and those in winter were diatoms and blue-green algae.
The pattern of the photosynthesis-light curve in the former indicated the sun-type with 4.9 mg.O2/mg.chl./hr. at the light saturation point and the shade-type with 2.1 mg.O2/mg.chl./hr. in winter. According to Ichimuras), the maximum photosynthetic activity of phytoplankton in Japanese lakes is 8-10 mg.O2/mg.chl./hr, in the samples taken from the eutrophic lakes and 4-5 mg.O2/mg.chl./hr, in the mesotrophic lakes. In the oligotrophic lakes, it is 1.0-2.5 mg.O2/mg.chl./hr. Therefore, the photosynthetic activity of sessile algae in the mountain river can be compared with those of the mesotrophic lakes. As already been noticed by McConnel and Sigler4), it is probable that the suppression of photosynthesis may occur on such a confined algae in the bottles or jars.
Therefore, the foregoing values obtained in the present study seems to be much lower than the true ones in situ. However, it is noticeable that the extremely low rates of 0.5 to 0.7 mg.O2/mg.chl./hr. were reported by McConnel and Sigler4) with the sessile algae of the River Logan, Utah.
Estimation of the Productivity of Sessile Algae from Chlorophyll and Light Data
Using the procedure provided by Ryther7), the daily change of the photosynthetic rate of sessile algae on the river bed can be deduced indirectly from the photosynthesis-light curve and the daily incident radiation data. Fig. 7 was introduced in this study for the calculation of the production. As seen in Fig.   7 , the amount of hourly photosynthesis under the direct sunshine was roughly the same through the day time and the similar results also found on the cloudy day. From these facts, the daily net production was calculated by the following equations; where as+d and ad being the hourly real photosynthesis per unit amount of chlorophyll under total daylight and diffused light, T and t being photosynthetic time under the direct sunshine and diffused light, r, the respiration.
As mentioned previously, T and t were determined by means of the overlay.
The intensity on the river bed under direct sunshine was estimated from Fig. 6 . As described in the previous section, the diffused light intensity in the open was assessed as 10 klux and that of the river bed was able to be calculated by means of the ratio of the open sky area to the whole hemisphere on the photograph.
Under the cloudy day, the light intensity was assumed as that of the diffused light of fine day. These assumptions on the light condition are too rough but reasonable ecologically.
Since the hourly photosynthetic rate should be determined from the photosynthesis light curves, the precise information on the pattern of photosynthesis-light curve is indispensable. Because of insufficiency in data on the curve, the calculation in the present study was carried out by using the curves in Fig. 5 .
Assuming the cloudy and fine day occur alternately in a month, the monthly production in the unit area on the river bed can be obtained approximately as follows;
where C is the chlorophyll amount in the unit area on the river bed, D is days in month, Pgr and Pg~ are daily gross production on a fine day and cloudy day.
Productivity
and Dry Matter Production in the Mountain Section of the River Arakawa 1. Potential productivity.
Seasonal and locational changes in the potential photosynthesis were estimated by the foregoing procedure.
As shown in Table 1 , it is apparent that the potential photosynthesis is greater in spring and summer than in autumn and winter. This referred to the increase of the duration time under the direct sunshine and to the acceleration of the photosynthetic rate due to the increase of the water temperature. The foregoing relationship between the potential photosynthesis and light condition was also found locationally.
The productivity was lower in the canyon section than in the lower section, and furthermore the values of the shady stations were smaller than those of the bright stations within the same river section.
According to the present study, there was a rough parallel correlation between the productivity and the standing crop in the mountain section, thereby it can be surmised, that the light condition is the most important limiting factor for the production in the mountain river.
However, it seems unreasonable to discuss the causes determining the standing crops through only the productivity, because the standing crop is determined by the interplay of the production rate and the destruction rate.
As can be seen in Fig. 8 , the parallel correlation is not so distinctly fine. The diversity in the standing crops of the canyon and lower section was more definite than that in the productivities.
The foregoing discrepancy may suggest the existence of the other habitat factors affecting on the standing crop. As mentioned in a previous paper'), the physical actions such as scraping and rubbing have an important role on the reduction of the standing crop. KOBAYASI 2. Dry matter production in the mountain section of the River Arakawa.
a. Gross primary production : As shown in Table 1 and Fig. 9 , the gross primary production per square meter of the river bed was calculated from the chlorophyll amount and the potential productivity.
The mean value of the gross production ranged from 0.3 to 1. As the annual gross primary production, 0.21 kg. glucose/m.2 (24,760 kg. glucose/ 119,000 m.2, see Table 2 ) in the canyon section and 0.81 kg. glucose/m.2 (1,883,790 kg. glucose/2,316,000 m.2) in the lower section were deduced, respectively. According to the data obtained by Hogetsu and Ichimura8), the annual gross production in eutrophic lake Suwa is 0.57 kg. glucose/m.2. Manning and Juday9) reported 0.8 kg. glucose/ m.2/year in the eutrophic lake Weber. In the mesotrophic lakes of Japan, the annual gross production has been measured 0.2 to 0.4 kg. glucose/m2. (Ichimura's unpublished data). Therefore, the productivity of the River Arakawa can be compared with those of the mesotrophic lakes within the canyon section and the eutrophic lakes within the lower section.
Total gross production in the whole area of the mountain section of the River Arakawa was calculated from the annual gross production at each station and the area of the river bed. For calculation, the watercourse was divided into the regular orders and the area of the each order was estimated from the river course map. The productivity of the each order in the watercourse was represented by dry matter at the chlorophyll sampling station within the order.
The calculation results are summarized in Table 2 . The area of the river bed was 119,000 m.2 in the canyon section and 2,316,000 m.2 in the lower section.
The annual gross production on these river beds was 25 ton glucose in the former section and 1884 ton glucose in the latter.
b. Net primary production:
The amount of the respiration was computed from the data obtained in the dark bottle to be about 0.6-0.9 mg.02/mg.chl./hr., i.e. 1/5 of the photosynthetic rate at the light saturation point. By using the above values, the daily average respiration was calculated at 0.2 to 1.0 g. glucose/m.2 in the canyon section and 0.3 to 2.0 g. glucose/m.2 in the lower section. In the whole watercourse, the organic matter consumed through the respiration was 17 ton glucose in the canyon section and 974 ton glucose in the lower section (see Table 2 ).
Finally, the net production in the former section was 8 ton glucose and 910 ton glucose in the latter section.
Summary
Primary production in the mountain section of the River Arakawa was estimated from chlorophyll amount and light data obtained from the photographs of celestial hemisphere and the photosynthesis-light curves of the river algae. 1. Annual gross production was 0.21 kg. glucose/m2. in the canyon section and 0.81 kg. glucose/m.2 in the lower section.
These values can be compared with those in the ordinary mesotrophic lakes and eutrophic lakes in Japan.
In the whole watercourse of the mountain river, total sum of the gross production was 25 ton glucose in the canyon section and 1,884 ton, glucose in the lower section, and the amount of the respiration was 17 ton and 974 ton, respectively.
As a net-production, finally, 8 ton and 910 ton were obtained in the former and latter sections.
2. Among the habitat factors determining the productivity, the light condition on the river bed is most important and it is confirmed through the analysis of the locational changes in the potential photosynthesis of the sessile algae.
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